Objective: To report our initial experience and short-term results in post-chemotherapy robot-assisted retroperitoneal lymph node dissection (RA-RPLND) for advanced testicular cancer.
Introduction
The survival rates of metastatic testicular cancer patients have significantly improved after the usage of cisplatin-based chemotherapeutic regimens. Because these multiagent regimens provide a complete response rate of 60-80% in patients with metastatic disease, residual masses can remain in the retroperitoneal lymph node template. [1] For non-seminomatous germ cell tumors (NSGCT) excision of residual mass after chemotherapy is mandatory in all patients with a retroperitoneal tumor over 1 cm in the short axis at radiologic imaging. [2, 3] Following first-line bleomycin-etoposide-cisplatin (BEP) chemotherapy, resected specimens of residual masses contain viable cancer in 6-10%, mature teratoma in 50%, and necrotic-fibrotic tissue in 40% of the cases. [4] But the inability to predict reliably the presence of necrotic-fibrotic tissue and the risk of a malignant transformation of a mature teratoma to sarcoma emphasizes the necessity of retroperitoneal lymph node dissection (RPLND).
The RPLND surgery is being performed for almost a century and since its first description, the surgical techniques have evolved from a full, bilateral, suprahilar dissection to a unilateral, nerve-sparing template in selected pa-tients with equivalent long-term results. [5] [6] [7] In order to reduce the morbidity of RPLND, laparoscopic approach has gained popularity since its introduction and authors have shown that this technique is superior in terms of morbidity and complication rates with the same oncological results when compared with open surgery. [8, 9] But the steep learning curve and technical challenges in laparoscopy have limited the widespread adoption of this surgical procedure.
Robot-assisted RPLND (RA-RPLND) has the potential to overcome the technical challenges in laparoscopy and shorten the learning curve. Davol et al described the RA-RPLND procedure initially in 2006 and small series from different institutions were reported over a period of ten years. [10] [11] [12] [13] But most of the patients have undergone RA-RPLND for clinical stage I-IIA NSGCT in these series.
In this study, we reported our initial experience and short-term results in post-chemotherapy RA-RPLND performed for advanced testicular cancer.
Material and methods
After the approval of the Ethics Committee of Antalya Training and Research Hospital (Date: 27.09.2018 and no.18/3), we analyzed the prospectively collected data of 5 patients who underwent post-chemotherapy RA-RPLND between August 2017 and May 2018. Written informed consent was obtained from patients who participated in this study. All patients had a diagnosis of NSGCT of testis and received three or four cycles of BEP chemotherapy for their clinical stage IIC disease before the surgery. None of the patients had received salvage chemotherapy and every patient had a residual mass with normal tumor markers.
All RA-PPLNDs were performed by a single surgeon who had advanced robotic surgery skills as well as open and laparoscopic RPLND. All procedures were performed using the da Vinci Xi robotic system via transperitoneal approach with the patients placed in lateral decubitus position. An 8 mm camera port was placed just superior to the umbilicus, the remaining three robotic 8 mm ports and a 12-mm assistant port were placed as shown in Figure 1 . Left (n=2) and right-sided (n=2) modified template nerve-sparing RA-RPLNDs, and bilateral full dissection (n=1) were performed in respective number of patients. For right-sided modified template; the gonadal vein, right common iliac lymph nodes (LNs), paracaval, precaval, retrocaval, interaortocaval and preaortic LNs were removed to the level of inferior mesenteric artery. For left-sided modified template; the gonadal vein, left common iliac lymph nodes (LNs), interaortocaval, paraaortic, preaortic and retroaortic LNs were removed to the level of inferior mesenteric artery. For bilateral full dissection; all LNs between the ureters from the renal hilus to the inferior mesenteric artery, the ipsilateral iliac LNs and gonadal vein were removed.
Patients' clinical data and the size of tumor in radiological imaging were noted. Perioperative parameters were recorded such as operation time, estimated blood loss and intraoperative complications. Operation time was defined as skin to skin time in minutes and includes the docking and undocking time. Postoperative parameters including hematocrit change, length of hospital stay and postoperative complications were noted. In order to classify the complications, the Clavien-Dindo system was used. [14] Pathological outcomes and postoperative radiological imaging in the 3 rd month were investigated.
Statistical analysis
Basic and descriptive statistical analysis have been used in this study and all data were expressed as mean, median (minimum, maximum) for numerical variables; as frequencies and percentages for categorical variables. Statistical analysis was made using IBM Statistical Package for the Social Sciences Statistics for Windows, Version 22.0 (IBM SPSS Statistics Corp., Armonk, NY, USA).
Results
Patients' demographic and clinical data were listed in Table 1 . RA-RPLND was completed successfully in all patients, and none of them required conversion to open surgery or early intervention. The median operation time was 309 minutes (range, 275- yr: years; mm: millimeters 360), and the median estimated blood loss was 180 mL (range, 150-210). One patient required postoperative transfusion of 1U of red blood cells. The histologic examination of the specimens revealed necrosis in 3, and mature teratoma in 2 patients. Operative data were listed in Table 2 . The median length of hospital stay after surgery was 2 days. During a median follow-up of 10 months (range 7-12), there were no retroperitoneal recurrences or distant metastasis in radiological imaging.
No major complication (Clavien ≥3) or death occurred. The only minor complication was transfusion of red blood cells in one patient (Clavien 2) and the overall complication rate was 20 percent. In Case 3, nephrectomy was essential due to the mass covering the renal hilus ( Figure 2 ) and this decision was taken before the surgery. All the patients had a normal antegrade ejaculation in the 3 rd month.
Discussion
Post-chemotherapy RPLND can be more difficult than primary RPLND because fibrosis often obliterates the natural tissue planes. Hence, it is normal to expect a higher complication rate during post-chemotherapy RPLND than primary lymphadenectomy. The Indiana group stated their complication rate as 20.7% and mortality rate as 0.8% for open RPLNDs performed in 603 patients after chemotherapy. [15] These results were poorer when compared with their own primary RPLND series with 478 patients. [16] Other studies have reported their complication rates up to 35% with open RPLNDs performed after chemotherapy. [17, 18] Laparoscopic RPLND in the post-chemotherapy settings was first reported by Rassweiler et al. but the high rate of conversion to open surgery has led the authors not to recommend this procedure. [19] Later; other series reported better results for laparoscopic lymphadenectomy but they reported that although that was a technically feasible surgery, it was yet difficult. [20, 21] Robotic systems have the potential to overcome the technical challenges of pure laparoscopy and to facilitate the procedure. The first RA-RPLND and following 3 studies reported their experience in primary RA-RPLND. [10] [11] [12] [13] But in only a few studies the outcomes of RA-RPLND performed in the post-chemotherapy settings. [22] [23] [24] [25] Although these studies had small number of patients and short-term follow-up periods, they reported acceptable surgical and oncological outcomes. Our results were in concordance with these studies in terms of oncological results. In these 4 studies the authors reported minor (Clavien ≤2) and major (Clavien ≥3) complications in 18, and 10% of the cases respectively. Although bleomycin-related pulmonary complications have been frequently stated in the open RPLND series; chylous ascites and postoperative ileus were the most common minor complications while vascular injuries constituted most of the major complications in RA-RPLND series. In our series, rate of complications was 20% which was similar to the robotic series. We didn't observe any wound or pulmonary complications and none of the patients required conversion to open surgery due to vascular or visceral injury. We have not seen chylous ascites in our patients which might be explained by the extensive use of clips instead of coagulation. Overall, these results, combined with favorable oncological results and high rate of antegrade ejaculation, support the safety of RA-RPLND when performed by experienced robotic surgeons. There is still a controversy about what should be the extent of post-chemotherapy RPLND. Incomplete dissection can result in retroperitoneal recurrences and increased burden of chemotherapy. [26] Published data indicate that a limited dissection using a modified template provides favorable results if patients exhibit a well-defined lesion of ≤5 cm in diameter corresponding to the primary landing site of the tumor-bearing testis. But concerning the surgery for high-volume lesions, there is a common approach that these patients should be treated by a full bilateral RPLND independent of the site. [7] In our study, we have complied with these principles and we have observed no relapses in the retroperitoneum or distant metastasis during 10 months follow-up.
We performed all RA-RPLNDs in the lateral decubitus position. Although this position was adequate for unilateral template dissections, we found it difficult to access the contralateral lymph nodes for cases requiring bilateral full dissection. In the latest studies the authors reported that they were able to perform both unilateral and bilateral lymphadenectomy safely and effectively in the supine position. [27, 28] So, we may change our patients' positioning to the supine approach to overcome the limitations, especially inherent to bilateral dissection.
Our study has some limitations. First of all, this is a small series of patients and we reported only short-term oncological results thus no conclusions can be made about the equivalency of RA-RPLND and open or laparoscopic RPLND in terms of safety, and reliability. Secondly, this study is limited by the nature of being a retrospective review although all patients' operative data were collected prospectively.
In conclusion, post-chemotherapy RA-RPLND appears to be a feasible and oncologically safe procedure with acceptable operative morbidity. However, this technique should be applied in centers highly experienced in robotic surgery, considering that RPLND is a surgery with fatal complications. Also, larger series with longer follow-up are essential to fully understand the therapeutic efficacy and safety of RA-RPLND. 
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